anteroposterior axis of the lamina primordium (Figure
Retinal Axons Provide a Local Cue for Cartridge
permits retinal axons lacking hh ϩ activity to arrive in the brain (Huang and Kunes, 1996) . Since it takes about Neuron Differentiation and EGF Receptor Activation 9 hr (at 25ЊC) for retinal axons to traverse the path from the eye to the brain, a conditional hh allele, hh ts2 , In the mutant sine oculis, where only a few ommatidia may form in the eye disc, lamina development is rewas used to inactivate HH after the initial induction of a small number of R cell clusters at the posterior of the stricted to the immediate vicinity of the small number of axons that grow into the lamina target field (Figures eye field ( Figure 2D ). Upon their arrival in the brain, the axons from these photoreceptors lack the ability to induce 2A-2C; Selleck and Steller, 1991). The reduced arrays of retinal axons in these animals induce a proportionately any of the HH-dependent events of lamina neurogenesis (e.g., Figure 3B ). These events can, however, be inreduced field of DAC-positive cells. A subset of these cells express the neuronal marker ELAV (arrowheads in duced by the ectopic expression of hh ϩ from the flp-out P[Tub␣1Ͼy ϩ ,CD2Ͼhh ϩ ] transgene (Zecca et al., 1995). Figure 2C To this end, we examined the effects of a small number were shifted to the restrictive temperature at 84 hr AEL to arrest morphogenetic furrow progression; conseof hh Ϫ retinal axon fascicles that enter a large field a postmitotic LPCs that were induced by the ectopic exquently, only a few retinal axon fascicles entered the lamina target field. When such axon fascicles entered a pression of hh ϩ in the brain. We utilized a strategy that The expression of the EGF receptor in the lamina deIndeed, under these conditions an essentially normal array of photoreceptor axons innervated the lamina tarpends on retinal innervation and is not detected in mutant animals, such as eyes absent (eya), which lack get field ( Figure 3E ) and induced an apparently normal field of DAC-positive LPCs ( Figure 3E ; blue color). Howphotoreceptor cells (not shown). To determine whether EGFR expression depends on retinal axon-borne HH, ever, ELAV-positive cells were absent from the lamina in these animals ( Figure 3E ; red color; ten specimens we employed the strategy described above to permit hh Ϫ retinal axons to grow into the lamina target field. hh ts2 examined). Large DN-EGFR-expressing somatic clones produced in early flp-out events also lacked ELAV-posianimals were shifted to the nonpermissive condition in the early third instar (90 hr AEL), a time at which the first tive cells when they included the lamina target field (not shown). These observations indicate that EGFR signal several columns of ommatidia have been induced at the posterior of the eye imaginal disc. The animals remained reception is required for cartridge neuron differentiation but not for the early steps of lamina development that at the restrictive temperature until the late third instar (24-36 hr later), when their visual ganglia were examined are under HH control. To determine whether EGF receptor activity is suffifor lamina differentiation. Retinal axons grow into the lamina target field in a relatively normal pattern in these cient for cartridge neuron differentiation, we utilized an "activated" form of the receptor, -EGFR (Queenan et animals but fail to induce HH-dependent events such as the onset of DAC expression ( Figure 3B ; Huang and al., 1997). The "late" flp-out strategy employed above was used to induce widespread -EGFR expression Kunes, 1996). EGFR immunoreactivity was absent from the lamina target field in these animals ( Figure 3B or greatly reduced in number in a large fraction of these animals, depending on the combination of spi alleles We initially employed mosaic analysis to determine whether spi ϩ is required for cartridge formation. Somatic ( Figures 5D and 5E 
, 56/75 specimens). Thus in the spi loss-of-function backgrounds, the early HH-dependent events of lamina target field displayed a normal pattern of ELAV-positive cells, though subtle changes in the number of ELAVneurogenesis appeared to occur normally, but the differentiation of cartridge neurons often failed to occur. positive cells could not be ruled out (not shown). The limited range of SPI diffusion, 3-4 cell diameters in the
If spi ϩ activity in the eye is sufficient for cartridge neuron differentiation in the lamina, restoring spi ϩ excase of the eye (Freeman, 1997), renders it unlikely that spi function in large clones would be fully rescued by pression specifically to the R cells should rescue cartridge neuron differentiation in the spi animals. The adjacent wild-type cells. Hence, spi ϩ is apparently not required within the lamina. Homozygous spi clones in strong eye-specific GAL4 driver P[GMR-GAL4] was introduced into the spi
SCP2
/spi T25 and spi
/spi OE92 backthe eye disc contained only isolated R8 neurons ( Figure  5B , 56/56 specimens). As an additional approach, the flp-out P[TubϾCD2ϾGAL4] transgene was these regions (arrowhead in Figures 5A and 5B, right panels). However, since these incomplete fascicles harutilized to produce marked GAL4-positive, CD2-negative somatic clones in spi animals harboring the UASbor only R8 axons, we cannot conclude on this basis that spi ϩ is required in the eye for lamina cartridge formation. spi ϩ transgene. The cells within these clones would be expected to express the UAS-spi ϩ transgene at high We thus sought to modulate spi ϩ expression so as to permit the formation of relatively normal ommatidial R levels. In the spi SCP2 /spi T25 background, cartridge neuron differentiation in the lamina was associated with the cell clusters whose axons might lack spi ϩ activity. We constructed strains in which the early lethality of a spi presence of GAL4 ϩ clones in the eye. GAL4 ϩ clones in the lamina were often ELAV-negative (data not shown). background was rescued by the expression of a spi ϩ transgene under the temperature-dependent hsp70 proThus, consistent with the mosaic analysis described above, the ectopic expression of spi ϩ revealed that spi ϩ moter. Under conditions of elevated temperature (see Experimental Procedures), animals heterozygous for the is required in the eye for the differentiation of cartridge neurons in the lamina. hypomorph spi SCP2 (Tio et al., 1994) and one of the embryonic lethal alleles spi the lamina (Figure 6A ). Between the L-neuron layers lie ELAV-negative cells that are destined for elimination by We expressed a P[UAS-sSpi] transgene under the control of a hsp70-GAL4 driver. Mid-third instar animals apoptosis. In the animals with sSPI expression, nearly all of the DAC-positive LPCs were ELAV-positive, including harboring the two transgenes were subjected to moderate heat shock conditions (34ЊC for 9 hr) and then disthose at the anterior of the lamina adjacent to the lamina furrow ( Figure 6B ; 23 specimens examined). In the wild sected for analysis by immunohistochemistry. This heat type, AOS is detected as punctate staining surrounding elimination by apoptosis or that undergo neuronal differentiation precociously can assume a proper L-neuron the ELAV-positive cells ( Figure 6C ). In animals with sSPI expression, AOS was detected throughout the lamina identity. In sum, these data indicate that spi ϩ activity is sufficient for the onset of cartridge neuron differentiation primordium, coincident with the distribution of ectopic ELAV-positive cells ( Figure 6D ; eight specimens exin the lamina. amined).
To determine whether these ectopic neurons included Discussion a bona fide L-neuron cell type, the specimens were stained with an antibody against the brain specific ho-
The 
